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ANTIGEN Pp pCES^ Mf; 

The present invention relates to various genes and 
associated products involved in the processing and 
presentation of antigenic peptides, and to processes for the 
5 production and use of such products. 

intracellular protein antigens are believed to be degraded 
into antigenic peptides lacking any hydrophobic signal 
sequences, transported to the cell surface and presented, in 
association with Class I molecules of the Major 
10 Histocompatibility Complex (MHC) , by various cells of the 
immune system. However little is known about the mechanism 
by which such processing, transportation and presentation 
occurs . 

The present inventors have identified a cluster of genes 
15 located within the MHC which encode proteins involved in 

antigen processing and transportation of antigenic peptides. 
This raises the possibility of a range of diagnostic tests 
for various dysfunctions of the immune system and for 
intervention in the antigen presentation process, for 
20 instance to enhance the immune response to vaccines and to 
diminish the immune response associated with autoimmune 
diseases. 

In more detail, the genes involved in the present 
invention are listed below: 
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RING 4 encodes a transporter subunit 
RING 10 encodes a proteasome subunit 
RING 11 encodes a transporter subunit 
RING 12 encodes a proteasome subunit 

5 

The protein products which are encoded by the genes ring 4 
and RING 11 are believed to be subunits of a transporter 
protein or proteins involved in moving antigenic peptides 
across the membrane between the cytosol and the endoplasmic 

10 reticulum (ER) . The protein (s) are believed to consist of a 
dimer or multimer of similar or identical subunits. Without 
wishing to be bound by theory it is presently considered most 
likely that the transporter protein is a heterodimer of one 
RING 4 subunit and one RING 11 subunit though less likely 

15 possibilities include proteins which are homodimers of two 
RING 4 subunits and proteins which are homodimers of two RING 
11 subunits. 

The protein products encoded by RINGs 4 and 11 are both 
members of the ATP binding cassette (ABC) superf amily of 
20 transporter proteins. Other members of this superf amily 
include the human multidrug resistance protein (MDR) , the 
human cystic fibrosis gene product, the white/brown system in 
drosophila and a series of transporters from bacteria and 
eukaryotic cells capable of transporting a range of 
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substrates. 

The family of ABC transporters now includes over 30 
examples, each of which is specific for a different 
substrate. Substrates that are transported include sugars, 
5 inorganic ions, amino acids, peptides and proteins. The 
oligopeptide permease in bacteria is known to handle small 
peptides; the S. cerevasia e STE6 protein transports the «- 
factor pheromone; in JL^Coli the hJLyB gene product transports 
a-haemolysin, a protein of about I07kd, and related 
10 transporters export specifically other large polypeptides, 
in none of these cases does the transported peptide molecule 
have a typical hydrophobic signal sequence. 

The processing of protein antigens is probably undertaken 
by proteins of the proteasome complex. This is a large 
15 intracellular protease (also known as macropain or 

■ulticatalytic proteinase complex) composed of at least 13 
subunits with broad specificity having the ability to 
catalyse several proteolytic reactions which is believed to 
be involved in processing protein antigens. Again, without 
20 wishing to be bound by theory, it is presently believed that 
the RING 10 and RING 12 subunits are involved in formation 
of the proteasome complex. 

The protein product of RING 10 shows a good match with the 
consensus sequence of active site residues in over 20 members 
25 of the subtilisin family of serine proteases. 

The present invention will be illustrated with reference 
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to the figures of the accompanying drawings in which 
Fig.l shows a map of the MHC region indicating the 

arrangement of the genes RING 4,10,11 and 12 in 
relation to other known genes of MHC. 
5 Fig. 2 gives the complete sequence of RING 4 cDNA 

Fig- 3 gives the complete sequence of RING 10 cDNA 

Fi 9« 4 gives the complete sequence of RING 11 cDNA 

Fig* 5 gives the complete sequence of RING 12 cDNA 

Fi ?-6 shows a Northern blot of rna from various cell 

10 lines illustrating expression of ring 4. 

Fi 9-7 shows an assignment of potential membrane- 

spanning regions within the derived amino-acid 
sequence of RING 4. 
Fig. 8 shows a comparison of the highly conserved 

15 regions of the ATP binding folds of RING 4 and 

related gene products. 
Fig. 9 shows a comparison of the hydrophilicity of the 

RING 4 and RING 11 gene products. 
Fig. 10 shows a Northern blot of RNA from various lines 

illustrating expression of RING 11. 
Figs. 11 & 12 show comparisons of the sequences of RINGs 4 

and 11 and other members of the ABC transporter 
family. 

Fig. 13 shows the polymorphism of RING 11 in the 3> 

25 coding region of the gene. 

Fig. 14 shows a comparison of the sequences of RING 10 



20 
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with various proteasome components. 
Fig. 15 shows diagon plots of cDNA-derived protein 

sequences related to RING 10. 
Fig- " shows an alignment of a position of ring io 

5 

with various human LMPs. 
F *ST-17 shows a comparison of ring 10 with various 

serine protease active sites. 
Fig- 18 shows Northern blots illustrating expression of 

RING 10. 

10 ^g. 19 shows Northern blots illustrating expression of 

RING 12. 

Fig-20 shows N-terminal amino-acid sequences of ring 

12 gene product and related rat and human 
proteasome subunits. 
15 Fig. 21 shows immunoprecipitation of ring 4/11 protein 

complexes. 

Fig- 22 shows southern and Northern blots and the 

sequence of a mutant ring 11 gene. 
Fig. 23 and 24 illustrate expression of stable class I 

20 

molecules by RING 11A transfectant cells. 
Fig- 25 illustrates antigen presentation by ring ha 

transfectant cells. 
Fig- 26 shows directions of transcription of rings 

4, 10, 11 and 12 and their involvement in 

antigen processing and presentation. 
Fig.27 S h OW s the substitutions in four RING 11 mutants 
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compared with the RING 11 sequence of Fig. 4. 

The arrangement of the genes RING 4, 10, 11 and 12 within 
the MHC is illustrated is Fig.i and the coding sequences 
5 thereof are shown, as cDNA sequences, in Figs. 2 to 5. 

In Fig.i the upper panel shows the main known genes of the 
Class II region of the short arm of human chromosome 6. The 
lower panel shows the positions of the RING 4, 9, io, li and 
12 genes (RING 9 may not be a functional gene) together with 
10 the fioi i restriction enzyme sites (N) based on a published 
map of the U15 and U10 cosmids [Spies, T. ej: a^, fiaSsES, 
243., 744-747(1990)]. The positions of ring 9 and 10 were 
determined by sequencing of genomic DNA. Mouse cosmid 5.9, 
which contains the murine transporter genes, also strongly 
15 hydridises to the RING io probe under non-stringent 
conditions. 

in Fig 2, the sequence is given of the longest RING 4 cDNA 
clone from the gamma interferon induced U937 cDNA library, 
P21U, sequenced using the chain termination method [Sanger, F 

20 PTOC. Nat. Acad. . ttci, 74 , 5463-5467 (1977)]. 

The cDNA library was in a derivative of the CDM8 vector and 
was prepared as described by Seed, B., Nature . 221. 840- 
842(1987). The open reading frame is shown encoding a 
protein of up to 808 amino acids. The first and second 

25 ATG(ADG) residues are arrowed. The first ATG is immediately 
preceded by an in-frame termination codon. The second may 



WO 92/11289 



PCT/GB91/02278 



- 7 - 



correspond to the first methionine in the encoded protein 
since it is more similar to the consensus sequence of a 
eukaryotic translation initiation sequence 
CCV G CCAUGG(G H Kozak, M., Nucleic .- r ^ 85? _ 

5 872(1984)]. The vertical line is at the 5- end of the cDNA 
clone and the additional 5' sequence is obtained from genomic 
DNA so it remains to be determined if this is contiguous with 
m*NA sequence. The first AUG is followed by a potential 
hydrophobic signal sequence. Potential membrane spanning 
10 regions are overlined and a region which is highly homologous 
to the nucleotide-binding regions of related proteins is 
boxed (see Fig 8) . Consensus N glycosylate sites are 
marked by a dot. The square bracket at position 1838 
indicates 3G residues. The p21U cDNA only contained 2 such 
IS residues at this position, causing an obvious deleterious 
frame-shift. To confirm this 3 cDNA's from a B 
lyapnoblastoid cell line, jy and genomic DNA from the cosmid 
U15 (Fig.i) were sequenced. All of these sequences contained 
3 G residues and identical sequences flanking position 1838. 
20 it has not been established whether U937 DNA has a similar 
frameshift in its RING4 gene or whether it is the result of a 
cDNA cloning artefact. Multiple cDNA clones similar to p 21U 
were obtained but one clone had an insert of several hundred 
base pairs (bp) at position 1776 due to differential splicing 
25 or failure to remove introns. 

In Fig. 3 the sequence is given of the longest RING 10 
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clone from a cDNA library made from the T-cell line CEM which 
was sequenced using the chain-termination method. The cDNA 
library was in a derivative of the CDM8 vector and was 
prepared as described by Seed. The open reading frame is 
5 shown encoding a protein of 272 amino acids (single-letter 
amino-acid code) . Arrowheads indicate the potential 
initiating methionines. The predicted amino-acid sequence 
from the first AUG is shown although the context of this 
codon does not match the Kozak eukaryotic translation 
10 initiation sequence (CCA/ G CCAUGG(G)) particularly well. The 
second AUG is in slightly better context and may, in fact, 
represent the true N terminus of the protein (see text and 
Fig. 14) The consensus sequence for an active-site histidine 
from the subtilisin family of serine proteases is underlined. 
15 The sequence is truncated at the 3-. end and contains a 
further 124 nucleotides before the poly (A) tail. 

In Fig. 4 the sequence is given of the longest RING 11 
clone obtained from the CEM library is shown. The open 
reading frame encodes a protein of 686 amino acids, a stop 
20 codon (*) is shown just before the potential initiating 
methionine. Fig. 22 gives the sequence of defective mutant 
RING 11 gene. 

In Fig. 5 the sequence is given of a cDNA clone of RING 12. 
The derived amino acid sequence of the longest open reading 
25 frame is shown in single letter code above the sequence. The 
7l5bp insert has a I5bp 5' untranslated region followed by a 
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»mgle long open reading frame encoding 219 amino acida _ The 
W stop codon (., was followed by a 33bp 3 ■ untranslated 
domain containing a AATAAA polyi addition sequence 
(underlined) . one polymorphic difference between the cOHA 
5 and genomic sequence from the 015 eosmid revealed a A-G 
change <bpl 94 > resulting in a His Arg amino acid change at 
position 60. 

The present invention provides a double stranded DNA 
containing the coding sequence of at least one of rings 4, 
10 10, u and 12. 

Preferably the double stranded DNA contains the coding 
sequences of both rings 4 and ii and/or the coding sequence 
Of one or both of RINGS 10 and 12. In one embodiment the 
double stranded DBA contains the coding sequence, for all 
15 four of rings 4, 10, 11 and 12. 

Preferably the double stranded DNA also contains 
regulatory elements in appropriate location, orientation and 
where necessary, in reading frame register with the coding 
sequence of at !,ast one of rings 4, 10, 11 and 12. „ore 
20 preferably the double stranded DNA contains regulatory and 
coding sequences capable of directing expression of at least 
one of the king 4, 10, 11 and 12 subunits in a proKaryotic or 
euxaryotic expression system. Most preferably the douMe 
stranded DNA of the invention contains regulatory and coding 
25 sequences for all four of rings 4, 10, a and 12 arranged in 
the same order and orientation and preferably also having the 
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same intervening sequences as found in the human MHC complex; 
such double stranded DNA i S/ D f course, provided in 
substantially pure form or is present in a cloning or 
expression vector or as a heterologous insert in a cell. 
S The present invention also provides products associated 
with one or more of the genes RING 4, 10,. n and 12 in the 
sense that such products embody sequence or structural 
information derived from the coding sequence of one or other 
of RINGS 4, io, 11 and 12. such associated products include 
10 nucleic acids encoding proteins or peptides having a sequence 
the same as or homologous to at least one of the ring 4, 10, 
11 or 12 subunits, nucleic acids encoding proteins or 
peptides which are capable of interrupting the association of 
RING 4 and/or ring 11 sub units to form transporter proteins 
15 nucleic acids encoding proteins or polypeptides which are 
capable of interrupting the association of RING 10 and/or 

RING 12 subunits with other components of the proteasome 
complex, nucleic acids which encode proteins or peptides 
capable of preventing peptide transport by ring 4/RIng 11 
20 transporter proteins or capable of preventing proteolysis by 
the proteasome complex by competitive reversible or 
irreversible binding to any of RING 4, 10, 11 and 12 
subunits, nucleic acids encoding proteins or peptides which 
bear an epitope recognised by antibodies capable of 
25 specifically recognising one or other of the RING 4, 10, 11 
and 12 subunits (including nucleic acids encoding mimetopes 
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of the ring 4, io, u and „ submits) and nucleic acids 
".coding antibodies capable of specifically recognising one 
or other of the ring 4, io, li and 12 subunits, epitopes 
thereof, Metopes thereof cr proteins or peptides capable of 
5 interrupting association or preventing transport or 

proteolysis as described below; proteins and peptides having 
a seguence the same as or homologous to that of at least one 
of the ring 4. 10. u and 12 subunits, proteins or peptides 
capable of interrupting the association of ring 4 and/or ring 
10 11 subunits to for. transporter proteins, proteins or 

Peptides capable of interrupting the association of ring 10 
and/or ring l 2 subunits with other components of the 
proteasome complex, proteins or peptides capable of 
preventing peptide transport by RING 4/ring li transporter 
15 proteins or capable of preventing proteolysis by the 

proteasome complex by competitive reversible or irreversible 
binding to any of ring 4, 10 , u and u ^ 

a*, peptides which bear an epitope (including mimetopes, 
recognised by antibodies capable of specifically recognising 
20 one or other of the ring 4, 10, 11 and 12 subunits; 

antibodies capable of specifically recognising one or other 
of the RING 4, 10, 11 and 12 subunits, epitopes thereof 
mimetopes thereof or proteins or peptides capable of 
interrupting association or preventing transport or 
25 proteolysis as mentioned above; cells capable of secreting 
antibodies which specifically recognise on. or other of the 
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RING 4, 10, li and 12 subunits, epitopes thereof, mimetopes 
thereof or proteins or peptides capable of interrupting 
association or preventing transport or proteolysis as 
mentioned above; cloning vectors, expression vectors, viral 
5 genomes, viruses, transfected prokaryotic and eukaryotic 
cells and transgenic animals containing exogenous nucleic 
acid as described above; compounds and compositions which 
enhance or diminish antigen presentation in association with 
MHC Class I molecules and processes for identifying such 
10 compounds and compositions; pharmaceutical formulations 

comprising a diluent or carrier and a nucleic acid, protein, 
peptide, antibody, antibody-secreting cell, vector, virus 
genome, virus, transfected cell or transgenic animal as 
described above. 

15 The present invention also provides a product as described 
above for use in a method of diagnosis or therapy practised 
on the human or animal body. The invention further provides 
a diagnostic or therapeutic method comprising administering 
an effective, non-toxic amount of a product as described 
20 above to a human or animal in need thereof. 

The present invention further provides the use of a 
product as described above in the production of a medicament 
for use in a method of diagnosis or therapy practised on the 
human or animal body. 
25 The present invention further provides a diagnostic test 
or assay comprising the use of a product as described above, 
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for instance by contacting a sample of body fluid or tissue 
from a patient with a nucleic acid, protein, peptide or 
antibody as described above. 

The present invention further provides processes for 
5 producing the products above by conventional techniques well 
known in the art of biotechnology. 

The above aspects of the invention will be described in 
further detail below. 
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Nucleic acids 

Except as otherwise required, nucleic acids of the 
invention may be DNA or SNA. The nucleic acids may be single 
stranded or double stranded. Double stranded nucleic acids 
5 may be blunt ended or have 5« or 3' extensions at one or both 
ends; they may contain one or more restriction endonuclease 
recognition and/or cutting sites and one or both ends may be 
cut ends obtained by restriction endonuclease cutting or 
designed for ligation. Single stranded DNA may be a template 
10 strand or a complementary (non-template) strand. DNA may be 
cDNA, genomic DNA or synthetic DNA. RNA may be mRNA, sense 
or antisense RNA. 

Nucleic acids of the invention may be produced by de novo 
synthesis and, if necessary, by assembly of fragments to 
15 create longer sequences, or obtained from natural sources 
such as from human cells or by cloning or amplification of 
natural or synthetic nucleic acids including by transcription 
or reverse transcription in vitro or in host cells. 

Nucleic acids of the invention are useful in diagnosis 
20 for instance as hybridisation probes for following alleles of 
RING 4, 10, 11 or 12 genes through family trees to identify 
at risk individuals where particular alleles are associated 
with particular diseases, or to identify mutated or damaged 
genes in an individual. Nucleic acids are also useful in 
25 gene therapy of patients lacking the functional corresponding 
gene and in producing cloning or expression vectors, viral 
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genomes or transfected cells for producing proteins or 
peptides of the invention. 

In a particular aspect the invention relates to nucleic 
acids having a sequence of at least 17 contiguous nucleotide 
5 bases or base pairs corresponding to a sequence of the same 
length within the sequence set out in any one of Figs. 2 to 5 
or alleles thereof. Preferably the nucleic acid contains at 
least 20, more preferably 50, loo or even 200 or more bases 
or base pairs in a sequence corresponding to that of any one 
10 of Figs.2 to 5. Nucleic acid of a total of 17 bases or base 
pairs will have a sequence identical to the relevant portion 
of the sequence of any one of Fig s . 2 to 5 or alleles thereof 
or will be exactly complementary thereto. Nucleic acids 
longer than 17 bases or base pairs may have a sequence 
15 exactly the same as or differing from the relevant portion of 
the sequence any one of Fi gs . 2 to 5 or alleles thereof in 
one or more bases or base pairs or complementary to such a 
sequence. Differences may be by substitution, deletion or 
insertion but should preserve the reading frame where the 
20 nucleic acid is intended to be expressed. Preferably such 
nucleic acids have at least 75%, more preferably 85%, 90% or 
even 99% homology with the relevant portion of the sequence 
of any one of Figs.2 to 5 or alleles thereof. 

in another aspect the invention relates to nucleic acids 
25 encoding proteins or peptides of the invention by use of 

alternative codons to those used in the normal ring 4, io, n 
and 12 genes. 
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Proteins and Pep tide 

Proteins and peptides of the present invention may be 
produced by dg novo synthesis or by expression of a suitable 
nucleic acid in a suitable expression system in vitro or in 
5 transfected cells or they may be obtained by extraction from 
natural sources in which case the proteins will be 
substantially pure and free from other protein and non- 
protein material with which they are naturally associated in 
vivo 

10 The proteins of the invention may be used in diagnosis and 
therapy and for generating antibodies. 

In a particular aspect the invention relates to peptides 
having a sequence of at least 5 contiguous amino acid 
residues corresponding to a sequence of the same length 
15 within the coding sequence of any one of Figs. 2 to 5 or 

alleles thereof. Peptides will preferably be 7 or even 10, 
20, 50, 100 or 200 or more residues in length. Those longer 
than 5 residues may differ in one or more residues from the 
sequence of any one of Figs. 2 to 5. Differences may be by 
20 substitution deletion or insertion. Peptides preferably have 
at least 75%, more preferably 85%, 90% or even 99% homology 
with the relevant portion of the coding sequence of any one 
of Figs. 2 to 5 or alleles thereof. 

In another aspect the invention relates to proteins and 
25 peptides which contain epitopes corresponding to one or more 
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epitopes of at least one of the RlNGs 4, 10, n and 12 gene 
products, or mimetopes thereof, or which are capable of 
interrupting association of ring 4 and/or RING n subunits to 
form transporter proteins or of preventing peptide transport 
5 thereby, or which are capable of interrupting association of 
RING io and/or ring 12 subunits into the protease complex or 
of preventing proteolysis of the proteasome by specific 
reversible or irreversible binding, eg in competition with 
other subunits and/or substrates, such proteins and peptides 
10 may be identified by appropriate assay techniques, for 
instance as described below. 

Antibody, »c 

The antibodies of the invention may be whole antibodies 
such as Ig M or, preferably Ig G ; they may be polyclonal or 
15 monoclonal. The term "antibody., includes fragments of 

antibodies containing the antigen-recognition site such as 
F(ab) and F(ab«) 2 fragments, single domain antibodies (DAbs) , 
complementarity-determining regions (CDRs) and minimal 
recognition units (MRUs) . The term "antibody" further 
20 includes anti-idiotypic antibodies and anti-idiotype-2 
antibodies (i.e. antibodies against anti-idiotypic 
antibodies; anti-idiotypic antibodies are those which 
recognise the antigen-recognition site of an antibody, anti- 
idiotypic antibodies therefore mimic the antigen whereas 
25 anti-idiotype-2 antibodies mimic the antibody) and fragments, 
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DAbs, CDRs and MRUs thereof. 

Antibodies of the present invention may be obtained by 
conventional immunization techniques and extracted from the 
body fluids of immunised animals. Alternatively they may be 
5 obtained by culturing antibody secreting cells obtained from 
such immunised animals , preferably after immortalisation by 
fusion with myeloma cells and other well known techniques. 
In another alternative, antibodies may be obtained by 
expressing genetic material, obtained from such antibody 
10 secreting cells, in transfected cells. 

The antibodies of the present invention are useful in 
diagnostic tests such as assays performed in vitro and in 
labelling techniques performed on the human or animal body 
for diagnosis. The antibodies are also useful in therapy as 
15 agents for preventing association of RING 4 and 11 or RING 10 
and 12 subunits into transporter proteins or proteasome 
complexes or in preventing transport or proteolysis by such 
proteins or complexes. 

Cells ca pable of secreting antibodies 

20 The invention provides cells which secrete antibodies as 
defined above. Such cells may be obtained by conventional 
techniques and include antibody-secreting cells obtained from 
animals immunised against an appropriate antigen, antibody^ 
secreting cells obtained from immunised animals and 

25 immortalised by fusion with myeloma cells to form hybridomas, 
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by use of Epstein Barr virus and other known immortalising 
techniques and cells capable of expressing and, preferably, 
processing antibodies on the basis of exogenous nucleic acid 
inserts. 

5 Cells capable of secreting antibodies as described above 
are useful as sources of the antibodies and May also be used 
as diagnostic reagents or as therapeutic agents, for 
instance by implanting such cells in a patient in order to 
provide prolonged release of the secreted antibody. 

10 Vgrtorg and am^e^n ewfop c 

Cloning vectors, expression vectors, viral genomes (and 
virus particles containing such genomes), transfected 
prokaryotic and eukaryotic cells and transgenic animals of 
the invention all contain exogenous nucleic acids of the 
15 invention and may be produced by conventional techniques. 

These vectors and expression systems may variously be used 
for amplification of nucleic acids of the invention, as 
diagnostic reagents or therapeutic agents and as sources of 
materials such as nucleic acids, proteins or peptides and 
20 antibodies which are themselves products of the invention. 
Expression systems such as phage expression systems are 
particularly useful for raising antibodies against proteins 
or peptides of the invention expressed at the surface of the 
. host cells. 
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For in vj-tro and in vivo diagnostic procedures and for other 
reasons well known to those skilled in the art it is often 
convenient to provide products such as the nucleic acids, 
5 proteins, peptides and antibodies of the invention with 

detectable labels. Such labels, for instance radio isotopes, 
fluorescent chromophores, enzymes, metal particles and 
polyester beads may be bonded to the products of the 
invention, used and detected by conventional techniques. 
10 Labelled products form a particular aspect of the invention. 

Targeting 

For therapeutic applications and in vivo diagnostic 
procedures and for other reasons well known in the art it is 
often useful to target a therapeutic or diagnostic moiety 
15 such as a cytotoxic drug or a therapeutic or diagnostic 

radioisotope or a diagnostic label to a particular site using 
the recognition properties of a targeting entity such as an 
antibody. Targeted materials in which a therapeutic or 
diagnostic product as described above is targeted to a site 
20 by a targeting entity, or in which a product as described 
above acts as a targeting entity for a targeted therapeutic 
or diagnostic moiety, form particular aspects of the 
invention. 
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Separating 

In many separations techniques, specific interactions between 
a ligand and a binding receptor are employed, particularly 
where the binding receptor is attached to a solid support. 
5 The products described above may be used as binding receptors 
and solid supports bearing such products form a further 
aspect of the invention. Likewise, products of the invention 
may be separated and purified using binding receptors, for 
instance on solid supports. The use of solid supports 
10 bearing binding receptors which are, or which specifically 
interact with, products as described above in such separation 
processes, forms a further aspect of the invention. 

Active PnmnnnTids and A ssays therafrw 

The compounds and compositions which enhance or diminish 

15 antigen presentation are known or new compounds such as small 
organic molecules and peptides, proteins, antibodies and 
nucleic acids of the invention and compositions of matter 
which interfere with the processing and/ or presentation of 
antigenic peptides by cells through the RING 4, ring li 

20 transporters and/or RING 10 and/or RING 12 proteasome 
subunits and which are therefore useful in up- or down- 
regulating the presentation of antigens and corresponding 
immune response. Such compounds and compositions may be 
identified by their ability to enhance or diminish antigen 
25 presentation by use of suitable assays. Assays used to 
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identify such compounds and compositions also form an aspect 
of the invention. 

In a particular aspect the invention provides an assay for 
the active compounds and compositions described above which 
5 comprises simultaneously or sequentially in either order: 
(i) contacting a cell capable of presenting antigenic 
peptides with a standard protein or peptide which is 
presented by the cell as a peptide: MHC Class I 
complex, and 

10 (ii) contacting the cell with a compound or composition 

suspected to enhance or diminish antigen presentation 
and thereafter assaying the peptide: MHC Class I complex 
presented by the cell. Assay by Western blotting or 
immunoassay techniques is preferred. The results are 
15 preferably compared with control experiments in which no 
compound or composition is used. 

The cell may be of a type which is naturally capable of 
presenting antigen in association with MHC Class I molecules 
or it may be a mutant or transfectant cell in which the 
20 antigen processing and/or presenting systems have been 

manipulated to improve detection of a particular aspect of 
the activity of the compound or composition under test. In a 
preferred embodiment the cell is a transfectant cell 
containing exogenous nucleic acid of the invention able to 
25 secure expression of one or more of RINGS 4,10,11 and 12. 
Compounds and compositions which are found to enhance 
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antigen presentation are potentially useful as 
inmunostimulants, whereas those which diminish antigen 
presentation compared with the level of presentation seen in 
control experiments, are potentially useful as 
5 immunosuppressive agents. 

Since the peptide antigens presented by class I mhc 
molecules are usually derived from intracellular proteins, 
step (i) may be conducted by transfecting the cell with 
nucleic acid encoding the peptide or protein so as to achieve 
10 in fito expression of the peptide or protein which is to be 
presented. Alternatively cells known to take up peptides or 
proteins from the culture medium may be used. As a further 
alternative, peptides or proteins may be introduced by 
electroporation and other known techniques for delivering 
15 peptides and proteins to the cytoplasm. 

The compounds and compositions under test may be 
introduced to the cell by normal cell processes from the 
culture medium, by electroporation or other known techniques 
for delivering materials to the cytoplasm or by securing 
20 synthesis or expression in alta by known techniques as 
appropriate. 

Therapy 

Therapeutic techniques using products of the invention 
rely upon enhancing a patient's compromised immune system, or 
25 enhancing the response of a patient with an intact immune 
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system to an antigen (for instance to improve the immunity 
stimulated by a vaccine) or diminishing the response of a 
patient to an antigen associated with an autoimmune disease. 
Such treatments may be accomplished by administration of a 
5 suitable product of the invention . Alternatively they may be 
accomplished by administering an expressible nucleic acid 
encoding an appropriate product such that, when expressed in 
the patient, the product will have the desired therapeutic 
effect, for instance by administering transformed cells or 
10 virus particles containing the appropriate nucleic acid 
sequences. In a further alternative, gene therapy may be 
accomplished by administering modified or transformed bone 
marrow stem cells having enhanced or inhibited antigen- 
presenting capabilities, for instance due to manipulation of 
15 the genes of the cells encoding any one or more of RING 4, 
10, 11 and 12 or by insertion of exogenous nucleic acid of 
the invention. 

Particular therapeutic objectives include enhancement of 
antigen presentation for instance to improve the immune 

20 protection achieved by conventional immunization techniques 
such as in immunising against influenza. Another objective 
is in inhibiting either or both the processing of protein 
antigens and transportation of antigenic peptides in order to 
diminish antigen presentation in cases where this is required 

25 to treat or prevent autoimmune diseases and other immune 
system disorders. 



WO 92/1 1289 



PCT/GB91/02278 



- 25 - 



Diaanopja 

Diagnostic processes of the invention include all 
conventional techniques practised m vi^ including nucleic 
acid hybridisations and immunoassays based on the use of 
5 antibodies or proteins or peptides of the invention including 
direct or competitive ELISA and RIA and fluorescent assays. 

The RING4 and RINGll genes are both polymorphic. For 
example, there are frequent RINGll alleles with differences 
in: 1) The length of the protein. 2 , An amino acid change in 
10 the ATP binding cassette and 3, An amino acid change in a 
transmembrane region, it is believed that these changes 
reflect differences in the function of the transporters and 
thus influence the quality of peptides that go towards 
assembly of Class I molecules in the endoplasmic reticulum. 
15 Variations in the proteasome (lmp, genes may have sinilar 
affects. These variations may therefore associate with 
various MHC-linked diseases. 

It has been found that certain alleles of ring 11 are 
associated with particular hereditary immune system disorders 
20 such as ankylosing spondylitis and ring U-related products 
may be used in pre-natal diagnosis of susceptibility of this 
disease. 

in another aspect the invention provides a diagnostic test 
kit comprising at least one diagnostic material selected from 
25 the products described above. 
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The invention will now be illustrated by the following 
Examples which are not intended to limit the scope in any 
way. 



EE lr RTNG 4 

5 The characteristic feature of the presentation of 

cytoplasmic antigens, such as influenza nucleoprotein, to 
Class I restricted T cells, is that the molecules presented 
lack hydrophobic signal sequences. Deletion of the N- 
terminal signal sequence of the influenza hemagglutinin can 
10 actually enhance presentation in certain conditions, a 
second feature is that rapid degradation of cytoplasmic 
antigens is associated with efficient presentation. This 
suggests that degradation to peptides may occur in the 
cytosol prior to transport across the membrane of the ER. 
15 Consistent with this concept is the finding that short 

hydrophilic peptides expressed in the cytosol are presented 
efficiently to T cells. 

These features imply that a specialised peptide transport 
system may exist that passes the peptide products of 
20 proteolysis from the cytosol into the ER. Recent evidence 
shows that association of peptides with the binding site on 
the Class I heavy chain may be required for the assembly of 
stable Class I molecules. The mutant cells RMA-S and 721,174 
express unstable Class I molecules, are unable to present 
25 cytoplasmic antigens but do present extracellular peptides. 
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This phenotype is consistent with loss of peptide transport 
from the cytosol into the £R, and in the case of 721.174 is 
associated with a deletion within the MHC between the DPA2 
gene and the complement cluster. 
5 Experiments in the inventors laboratory have been directed 
towards isolating novel genes in the Class II region of the 
human MHC. This has been achieved by preparing probes from 
genomic clones (either cosmids or, more recently, yeast 
artificial chromosome (VAC) clones) from the MHC and probing 
10 these onto cDNA libraries. The initial experiments 

concentrated on making probes from regions of genomic DNA 
containing clusters of restriction sites with CpG 
dinucleotides in their recognition sequence as these are 
often found near the 5' ends of genes. 
15 The position of the gene RING 4 in the MHC is shown in 
Fig. 1. it lies at a CpG island which includes recognition 
sites for the enzyme fis&l between the HLA-DNA and -DOB 
genes, about 25 kb centromeric to the latter. 

Short probes were prepared from a 9kb Noti fragment and 
20 used to screen cDNA libraries made from mRNA from a B 
lymphoblastoid cell line, JY, and a gamma-interferon 
stimulated monocyte cell line, U937. Several hybridising 
CDNA clones were isolated and the longest was sequenced. The 
derived amino acid sequencing revealed a long open reading 
25 frame and partial sequencing of the Not:i fragment used to 

derive the probes confirmed that it contained the RING4 gene. 



WO 92/11289 PCT/GB91/02278 

- 28 - 

Northern blots were obtained as follows: 
Total RNA was prepared from the following cell lines; l. 
Raji (B lymphoblastoid cell line). 2. Molt 4, T cell line, 3, 
SW1222 (colon carcinoma cell line). 4. As 3, induced with 
5 gamma interferon. 5. SV80 (colon carcinoma cell line). 6. As 
5, induced with gamma interferon. 7. DX3 (melanoma cell 
line) . RNA was prepared and gels were run and blotted 
according to standard protocols (Ausabel, F.M. et aJL, Current 
Protocols in Molecular Biology; Wiley Interscience, New York, 
10 1987]. Interferon treatment was growth in 300U gamma- 

interferon/ml for 36-48h before RNA extraction. A short cDNA 
clone (pl.2U) was used as a probe. This clone spanned the 
lOOObp at the 3' end of p21U (Fig. 2) . Autoradiography was 
carried out for 3 days using Kodak XAR-5 film. 
15 The blots showed that a mRNA of appropriate length, about 
2.8 kb, was expressed in B cell lines and at a lower level in 
T cell lines (Fig. 6). RING4 mRNA was induced also in colon 
carcinoma cell lines treated with either gamma or o 
interferon (Fig. 6) as well as in melanoma cell line, DX3, 
20 that expresses HLA-D region products (Fig. 6). Primer 

extension analysis showed that the longest RIN64 cDNA was 
about 300bp short of the 5' end of the mRNA. 

The sequence of the longest clone obtained from the U937 
library is shown in Fig. 2. The derived amino acid sequence 
25 revealed a protein which contains multiple blocks of 
hydrophobic amino acids characteristic of transmembrane 
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regions (Fig. 7). The data were generated using computer 
program written by M. Sternberg [£AfiIQS,2, 257-260(1991)] to 
use the algorithm of Rao and Argos to predict the location of 
membrane-spanning regions. The algorithm employs 
5 propensities for residues to be within a transmembrane region 
based oh their observed frequency in such regions of several 
proteins. Regions favourable as potential membrane 
traversing sequences are marked with horizontal bars and 
correspond to those pointed out in Pig. 2. Note the potential 
10 short hydrophobic signal sequence. 

Comparison of the RING4 protein sequence with sequences in 
the EMBL database revealed that it belongs to the ABC 
superfamily of transporters, which includes the human and 
mouse multidrug-resistance proteins (MDR) (Fig. 8). The 
15 protein appears to consist of two distinct domains. The N- 
terminal domain is very hydrophobic and contains at least six 
potential membrane spanning a-helices. The C-terminal domain 
is highly homologous to the ATP binding cassette that is 
characteristic of this class of transporter. As shown in 
20 Fig.s, part of the region of RIH64 around the nucleotide 
binding site is shown aligned with other related proteins 
from mammals and bacteria: Hmdr, human multidrug resistance 
gene; Ste6, yeast STE6 gene; OppD and OppF were from 
S- typhimuriuTn ; HlyB is from g. coU; CyaB, CyaB protein from 
25 PordetejUq perf"'^. The region shown is boxed in Fig 2 

with two gaps introduced in Fig. 8. These alignments are not 
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necessarily the best for any two proteins from this set and 
other regions of homology were observed. 

The RING4 ATP binding cassette is not significantly more 
closely related to those members of the family that transport 
5 proteins or peptides. However , it will be particularly 
interesting to compare in detail other regions of RING4 to 
the OppA" gene of the bacterial oligopeptide permease since 
OppA encodes the peptide binding domain of the bacterial 
peptide transporter which is known to bind to a wide range of 
10 peptide sequences prior to their transport across the 
bacterial mambrane. 

Typically eukaryotic ABC transporters consist of two 
hydrophobic domains and two ATP binding domains. The RING4 
sequence encompasses only one of each unit. It therefore 
15 seems likely that RING4 functions either as a homodimer, or 
as a heterodimer with a related protein. Compared to the 
other known ABC transporters, RING4 exhibits an extended N- 
terminal region, the total product consisting of 808 amino 
acids, assuming the first AUG codon is used (Fig. 2). Also 
20 untypical is a potential signal peptide (Figs. 2 and 7). 
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Example rihc 11 

Isolation of cONA. clones. cDNA libraries were constructed 
in a derivative of the CDM8 vector as described by Seed. 
Libraries were screened with f ragments of genomic cosmids and 
5 secondary screening of positive clones was reformed as 

previously described [Kendall et a^, Nucleic ah. c ? rf ^ 
7251-7257 (1990)]. DMA from positive clones was prepared 
using standard protocols. The RING 11 cDNA was initially 
obtained from a library made from the T cell line CEM which 
10 was probed with a fragment of cosmid U10. ring n is located 
between the class II genes DNA and DOB, approximately 7kb 
telomeric of RING 4 (Fig.i). The sequence of the CEM RING li 
CDNA is shown in Fig. 4. The derived peptide sequence of the 
longest open reading frame is 686 amino acids and may be 
15 divided into two regions. The N-terminal part of the 

molecule consists of multiple blocks of hydrophobic amino- 
acids which are characteristic of transmembrane regions 
(Fig. 9). 

Fig. 9 shows hydrophilicity plots of RING4 and RINGll, the 
20 sequences being aligned over the G residue of the GKS (or 
Walker "A") nucleotide binding motif (residue 508 of ringii) 
and produced using the MacVector programme (IBI) with an 
amino-acid window of 7. Potential transmembrane regions are 
marked by horizontal bars, having been identified as 
25 described in Example l. 
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Following the transmembrane region is a region which is 
strongly homologous to the ATP-binding domain of other 
members of the ABC transporter superfamily. 

PCS Amplification 

5 Genomic DNA samples (o.l-lug) were amplified in lOOul 
reactions containing 700nM of each oligonucleotide primer, 
2mM dNTP's, l x Tag Polymerase buffer and 1U Tag Polymerase 
(Promega) . Reaction conditions were 95 °C for lOmin, 40 
cycles of 94 »c for lmin, 57«c for 2 min, 72 »c for 2 min and a 
10 final step of 72 °C for lOmin. 

Sequence Analysis 

cDNA clones were initially sequenced by the Sanger 
M13/dideoxynucleotide chain termination method. 
Subsequently, 20mer oligonucleotide primers were synthesised 
15 over the first full length clone at approximately 200 base 
pair intervals in both directions. These were then used to 
sequence further cDNA clones. Solid phase DNA sequencing 
from PCR products was performed according to a method adapted 
from Hultman, T, et al. , Nucleic Acids Res. r 17, 4937-4946 
20 (1989) . PCR amplication was performed as described above, 
except that primer concentrations were reduced to 250nM and 
a biotinylated 5' primer was used. The PCR product was 
incubated with 200ug of Dynabeads M-280 streptavidin (Dynal, 
Oslo, Norway) for 30 min at room temperature. DNA was 
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denatured by washing once with 0.15M NaOH and once with 0.15M 
NaOH O.im Naci. Beads were then resuspended in 7ul of 
distilled water and the DNA sequenced. 

Comparisons of ring 11 with RING 4 and other members of 
5 the ABC transporter family are shown in Figs, n and 12 and 
Table l. 

Fig 11 is a dotplot comparison between the amino-acid 
sequences of RING n and RING 4 obtained using the Similarity 
investigation Programme in the Staden package with an odd 
10 span length of n proportional score of 132 and a gap penalty 
of 10. Homology is greatest over the C-terminus ATP-binding 
domains. Pig. 12 shows a coinparison Qf ^ ATp . binding 
domain of ring h with RING4 , ^ ^ (respectively> ^ 
murine and rat homologues of RING4) and the N-terminus ATP- 
15 binding domain of the human multidrug resistance gene product 
(Hmdr) . The single letter amino-acid code is used. The 
symbol (-, represents an identical residue; <*) represents a 
gap which has been introduced to optimise the alignment. The 
Walker A (WA) and B (WB) nucleotide binding motifs are 
20 indicated. 
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Table 1 shows identity between RING 11, ri NG 4 and 
other members of the ABC transporter superfamily. The 
percent identity was calculated after alignment of sequences 
using the gene analysis programme in the WUGCG package and a 
5 representative sample is shown. For this analysis, 

polypeptides were split into individual hydrophobic and ATP- 
binding domains. The Hmdr gene product was split into four 
as the entire transporter is present on a single polypeptide. 
Only a single ATP-binding domain and a single hydrophobic 
10 domain of HylB (the ^ abc transporter for haemolysin 
toxin) are shown as it is believed this transporter functions 
as a homodimer. i„ the upper right-half of the table the 
hydrophobic domain sequences compared were RiNGli (1-469) , 
RING4 (.1-504), Hmdr N-terminus (1-399), Hmdr C-terminus (639- 
15 1036), HylB (1-459, and the entire OppB and OppC sequences. 
In the lower left part of the table the ATP-binding domain 
sequences compared were RiNGli (470-686), RING4 (505-748), 
Hmdr N-ter»inus (395-639), Hmdr C-terminus (1037-end) , H yi B 
(460-690) and the entire OppD and OppF sequences. 
20 Typically each ABC transporter requires two hydrophobic 
domains and two ATP-binding domains, m the oligopermease 
system, each of the four domains is formed by a separate 
polypeptide chain, but in other systems, domains are 
frequently fused together. For example, all four domains of 
25 the multidrug resistance gene product (P-glyco P rotein) are 
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formed by a single polypeptide. RINGll and RING4 each 
consist of one hydrophobic domain and one ATP-binding domain 
and, as such, are similar in organisation to the white/brown 
transporter system of drosophila. 
5 In general, sequence homology between the domains of a 
single ABC transporter is greater than that between the 
domains of different transporters. ATP-binding domains are 
usually more homologous than hydrophobic domains, when the 
ATP-binding domains of RINGll and RING4 are compared with 
10 each other, the sequence homology is 61%, whereas when they 
are compared with the ATP-binding domains of other 
transporters, the homology falls to below 50%. similarly, 
comparison of the hydrophobic domains of RINGll and RING4 
reveals 30% homology, whereas comparison of ringh and RING4 
15 with the hydrophobic domains of other transporters reveals 
homology of 20% or less. This implies that RINGll and RING4 
function as a heterodimer, although direct experimental 
evidence to support this is awaited. So far, only 
circumstantial evidence has been provided by the cell line 
20 LCL721.134, which is deficient in RING4 and shows abnormal 
Class I assembly and peptide presentation. This suggests 
that RINGll does not function as a homodimer, but does not 
exclude this possibility for RING4. 

Consistent with their proposed role in hydrolysis of ATP, 
25 it is assumed that the ATP-binding domains of ABC 

transporters, are located entirely on the cytoplasmic side of 
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cell membranes. This would also be predicted from the 
hydrophilic nature of the domains, which contain no potential 
membrane spanning regions. So far, the only direct evidence 
to support this comes from studies of the OppF polypeptide in 
5 the oligopeptide permease system [Gallagher M.p. et aJU, fijr, 
J. PiochPm ,, ujo, 133-141(1989)]. if this observation is 
consistent throughout the family, one would expect the 
putative RING11/RING4 dimer to be positioned in the ER 
membrane with its ATP-binding domains within the cytoplasm. 
10 sequence analysis of the hydrophobic domains from 

different transporters suggests that each domain usually 
contains six transmembrane regions, although in some cases 
eight have been predicted. This has now been supported by a 
limited amount of experimental data. When hydrophilicity 
15 plots of RINGH and RING4 are compared, the hydrophobic 
regions are strikingly similar in shape and position (Fig. 
9) . At least six potential transmembrane regions are 
predicted in each hydrophobic domain, although there may be 
up to ten in RING4 . Elucidation of the exact transmembrane 
20 organisation of a putative R1NG4/RING11 dimer requires 
further experimentation. 

Ring 11 Polymorphism 

in order to determine whether RINGll was polymorphic, cDNA 
clones from two additional B lymphoblastoid cell lines were 
25 sequenced. One sequence revealed a single base pair 
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substitution of T for G at position 1158. This did not lead 
to an amino-acid change arid has not been investigated 
further. The other cDNA sequence revealed three single base 
pair substitutions in the 3 ■ region of the gene (Fig. 13). 
5 The symbol (-> represents an identical nucleotide or amino- 
acid and the single letter amino acid code is used. 
Additional variation was also found in the 3- untranslated 
region of the cDNA clones (data not shown) . Two of the 
coding sequence substituents resulted in amino-acid 
10 substitutions, one of which changed the putative stop codon 
and lengthened the protein by seventeen amino acids. The 
allele derived from the CEM library, encloding the shorter 
protein was named RING11A, and the longer allele, RING11B. 
To characterise these two alleles further, oligonucleotide 
15 primers -were constructed either side of a 150 base pair 
stretch of DNA containing the observed polymorphism. The 
PCR products amplified from the genomic DNA of a number of 
homozygous HLA typing cell (HTC) lines and a panel of random 
normal Caucasoid controls were analysed. Allele frequencies 
20 shown in Table 2 below, were determined from the PGR products 
of an HLA homozygous typing cell (HTC) line panel and a 
panel of normal, Caucasoid control individuals. 
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The oligonucleotide primers used to amplify the polymorphic 
region were GGGGATCGCACAGTGCTGGTG and CTGGAATTCAGGAACAGCTAT. 
HTCs were analysed using direct, solid-phase sequencing. No 
other polymorphism was observed using this method. Caucasoid 
5 controls were analysed by oligonucleotide typing, using the 
following pairs of ligonucleotide probes: AGGCTGCAGACAGTTCAG 
and AGGCTGCAGGCAGTTCAG; CCTCCTAGAGCTGGGCAA and 
CCTCCTGGAGCTGGGCAA; ATTCCCGCCTGGTGCAGC and 
ATTCCCCGCCTGGTTCAGC. Note that the frequencies determined 
10 for RING iia account for two nucleotide sequences which 

differ at positions 489 and ii58, but have identical derived 
amino-acid sequences. 

Class 1 and Class II MHC antigens are one of the most 
polymorphic family or proteins known and it is intriguing 
15 that a putative peptide transporter located within the Class 
II region also exhibits polymorphism. So far only a small 
number of full length RING11 CDNA clones have been sequenced 
and it is possible that other polymorphisms exist. 
Nevertheless, two major allelic variants of RiNGll have 
20 already been identified. At present it is not known whether 
these alleles are functionally polymorphic with respect to 
peptide transport, although experiments are currently under 
way to investigate this. Experimental evidence from other 
transporter systems suggests that substrate specificity is 
25 conferred by the hydrophobic domains rather than the ATP- 
binding domains. However, it is possible that mutations 
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within the ATP-binding domains, such as those observed in the 
cystic fibrosis gene, may a i so affect toe function Qf 
transporters. Two independent structural models of the ATP- 
binding cassette have already been published, based on 
5 similarities with adenyl kinase, m both of these, the 
extreme C-terminus of the domain, in which the RINGHA/hb 
polymorphism is observed, lies outwith the structurally 
conserved regions. The function of this part of the molecule 
is thus not known. However, it is of interest that ringiia 
10 has one of the shortest C-terminus regions within the 
transporter family. 

An association between MHC antigens and various diseases 
such as diabetes re ilitus and coeliac disease, is known. is 
-any o£ the genes within the MHC are in linkage 
15 diseguilibriua, the possibility arises that see or these 
associations My pr i M rily be with previously unknown „„c 
genes such as RING11 and RING4 . The region between DMA and 
DOB is proving to be densely populated with genes, m 
addition to RING11 and RING4, two of these are thought to he 
20 involved in the degradation of protein antigens into s Ml l 
Peptides prior to transportation into the ER (R i„ Gsl o and 



12) . 



Oligonucleotide Typing 

Typing was performed according to the method of Bugawan et 
25 al. [lamunogenetics, 22, 23 i-24l, (1990) j with modifications. 
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PCR products, immobilised on Hybond N+ membranes (Amersham) , 
were hybridized with biotinylated oligonucleotide probes at a 
temperature of 56'C. Unbound probe was removed by washing 
at 59 °C. 
5 Northern Analysis 

Total cellular RNA was prepared by acid phenol extraction 
and transferred to Hybond-N membrane (Amersham International) 
using standard protocols. Hybridization was performed 
overnight at 42-C and membranes washed at high stringency 
10 (0.1 X SSC, 1% SDS, 65'C). Autoradiography was for 16 hours 
at -70«c using XAR-5 film (Kodak). 

on Northern analysis, RING11 was up-regulated by gamma 
interferon (Fig. io) an observation common to other genes 
involved in antigen processing. 
15 m Pig. io, lanes 1-8 show 10 mg of denatured total 

cellular RNA extracted from normal human keratinocytes after 
incubation with 200 units per ml of recombinant gamma 
interferon for 2, 6, 24, 48, 72, 96, 120 and 168 hours 
respectively; lane 9, lomg of total cellular RNA from 
20 uninduced keratinocytes. The filter was hybridized with the 
CEM derived RING11 cDNA shown in Fig. 4. 
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BmmT,> ^: RTWR f n 

It 1. now possible to paint a detalled plcture of how 
cytoplasmic proteins are handled by the immune system. They 
•re apparent* degraded in the cytopiasm lnte pepttdas 
5 These are then transported into the endoplasmic reticulum 
where they encoder class , ma jo r histocompatibility comple* 
CMHC, molecules. Once loaded with peptide, the HLA molecules 
»ov. through the Colgi apparatus to the cell membrane. Until 
recently, it had not been established how peptides without 
10 signal seguences cross the ER membrane. However, Samples l 
and , describe a pair of membrane transporter genes of the 
ABC (ATP-binding cassette, superfamily which apparent* serve 
this function. Both transporter genes, which may encode two 
halves of a heterodimer, are situated in the class n region 
« of the „hc. There is evidence that other putative components 
of the processing machinery, the lhp-s (low molecular mass 
polypeptides,, are aiso encoded in the «ho. similarities 
between the properties of the laPs and a Urge intracellular 
protease complex, called proteasome, have led to the 
*• suggestion that raps are involved in processing antigens 
This Examples identifies a human gene with sequence homolgy 
to proteasome components. . Remarkably, this gene maps between 
the two putative peptide transporter genes. 

CDNA libraries derived from a T-cell line, cm, and a 
» "amma-interferon-sti^iated monocyte line US37, were screened 
•xth fragments of cosmids U10 and vu. This revealed another 
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two genes, RINGS and RING10, located between RING4 and RINGll 
(Fig.l). 

The sequence of the longest RING10 cDNA, isolated from the 
CEM library, is presented in Fig. 2. The sequence contains a. 
5 long open reading frame which, from the first methionine, is 
predicted to encode a protein of 272 amino acids, relative 
molecular mass 30,000 (M r , 30K) and pi 5.41. There is 
evidence to favour the second in-frame methionine at amino 
acid position 65 as the translational start site: first, it 
10 matches the Kozak consensus more closely and second, it is 
only a few residues upstream of a region which shows sequence 
homology with a number of N-terminal sequences from rat and 
human proteasomes (see later and Fig. 14. This would result 
in a protein of 208 amino acids, M r 23K and pi 7. 78 . 
15 The derived amino acid sequence of RING10 was compared 
with sequences in the pir 27 , Swiss Prot 17 and OWL databses 
and a match found with a component of human proteasome. The 
proteasome (also known as macropain or multicatalytic 
proteinase complex) is a large intracellular protease, it 
20 consists of about 15 polypeptide components, depending on the ' 
species. These components range in M r from 20 to 35K and are 
ordered into a cylindrical structure of M r 650K [McGuire, 
M.J. & DeMartino, G.N. Biochim. hinnhyc, ^ 873,279-289 
(1986); Lee. L.W. et ai. , Biochim. biophvs. 1037 f 178 _ 

25 185 (1990); Rivett. A.J., Archs. Bionhpm. B jn r h ve , ^ x _ 
8(1989)]. a very good match was seen with a number of 
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limited amino-add sequences, obtained by N-ter»inal 
sequencing, from several human and rat proteases components. 
Notable among these are human proteasome epsilon chain and 
rat chain 6 (Flo . 14) . ml . lenotn COTparlsons wlUj ^ 
5 chains await the cloning of their respective cDNA-s. 

Mg. 14 shows alignments with stances derived from N- 
terminal amino acid sequencing of human (RUM epsUon, HUH , 
Htm B, and rat (RAT 5. 6 and 7) proteasome components and cDNA 
sequencing of human (HUM firs*^ Eaisnag^ (Dm35) 

« -WurWW ™rnv i n1nr (SCC1) an4 Thermo., ' 

(TAo) proteasome components. Dashes show positions at which 
there is identity with RING10. lower case indicates 
conservative changes (Argos, P. J., Hp^, Bl>1 ,„ ^ 385 . 

" 6(198 "- " X " ~— ' tor which identification 

» was uncertain. Numbering refers to RI..G!,. 

numan epsUon chain sequences shared 15 out of 22 amino acids 
Plus some conservative substitutions, indicating that the 
sequences are undoubtedly related. The alignment with cDNA- 
derived protein sequence is not as striking as that with the 
20 human epsilon or RAT 6 peptides. „ote that, although the 
amino acid sequences were obtained from N-terminal 
sequencing, they align at some distance from the first 
methionine of ringjo. Although this may be due to 
protedysis, it i. consistent with translation initiating at 
*« the second in-frame AUG codon. Low-stringency diagon piots 
between RTOGiO and a selection of cDNA sequences from a 
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variety of species are shown in Pig. 15 and alignments of 
amino acids 65-94 and 165-187 are shown in Figs. 14 and 16 
respectively. Fig. 15 shows diagon plots of cDNA-derived 
protein sequence from Human C3, Human C5, Dm 35, ScCl and Taa 
5 against RING10 and Human C3 against TAa. The comparisons 
were run using the Similarity Investigation Programme in the 
Staden package with a window of 31, a proportional score of 
330, and the default score matrix. Note that extrapolation 
of the plots to the RXNG10 axis in the first five cases again 
10 suggests that the methionine at amino acid 65 is the 

initiating residue. The sixth diagon shows homology between 
Human C3 and TAa over the whole protein length for 
comparison. These two proteins have about 40% identical 
residues. The full-length human chain sequences show 10-35% 
15 identity with each other (data not shown). Fig. 16 gives an 
alignment of RING10 with a stretch of Human C3, Human C5, Dm 
. 35, scci and TAa cDNA-derived protein sequences. Symbols and 
numbering are as in Fig. 15 This alignment also shows weaker 
homology than that obtained with the N-terminal peptide 
20 sequences. 

As the proteasome is thought to be multiproteinase complex 
with broad specificity, its components should have active 
sites able to catalyse several proteolytic reactions. A 
protein motif search of the PROMOT database [Rivett. A.J., 
25 J. Biol. CW , 260,12600-12606(1985)] revealed a good match 
between RING10 and a consensus sequence derived from over 
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twenty members of the rttUto family o£ serlBe protMses . 

Fig. 17 compares pxngio with serine prote.se active sites 
symbols and number^ ere as in Ftg . 15 with ^ 
that -x- represents any amino aold ln ^ eonBens(ls . ^ 
5 aarine, histidine and aspartate residues. which „ay nake up 
the catalytic triad in .re „ ith an asterisk 

^ """"^ art i—ite consensus, from the subtiUsin 
family of serine proteases was identified by screening the 
KING 10 protein seguenoe using the programme PHOMOT and shows 
10 an exact Batch at amino acids l 85 -l M . The probabiuty of 
*"ch a match occurring randomly is close to x in 7000. At 
least 20 different sequences £roB ^ovn subtilisin-lik. 
serine proteases were used to determine this consensus. 
Alternative consensus residues are also shown. Suggestefl 
15 alignments, obtained by inspection, of the linear sequences 
surging the potentia! active site aspartate and serine 
residues of RI „gio with those of known subti» si »- llke serine 
Proteases are ai. 0 snown. The subtilisin BPH* sequence is 

from BflSillM flYlPllqilpfurl L , subtilisin s from £, 

™ var . Mnosascnant W, furin is a human protease 

and KEX2 is from S. cer»v<, <r . 

Known serine protease active sites consist of three 
regions each containing a residue involved in the catalytic 
mechanism. Typical consensus sites for the other two 
25 residues of the serine protease catalytic triad, aspartate 
and serine, were not identified by the motif search, but 
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Plausible alignments with known serine proteases could be 
found by inspection and are shown in Fig.17. The order of 
these putative catalytic residues in RING10 (serine, 
histidine, aspartate) differs fro* that of both subtilisin- 
5 like protease (aspartate, histidine, serine) and trypsin-like 
proteases (histidine, aspartate, serine). Thus, if rin G10 is 
a serine protease, it is atypical and a definitive assignment 
of its function requires biochemical analysis. 

The LMPs were originally defined by two-dimensional PAGE 
10 of immunoprecipitates obtained from a mouse macrophage line 
[Monaco, J.J. & McDevitt, H. O., Proc. . ^ ^ 

22,3001-3005 (1982); fia^e, 797 . 799 (19M) and ^ 

ISaunw 15,416-426(1986,]. They consist of is polypeptides 
with M r s of 15-30K which noncovalently associate to form a 
15 complex of 580K. The complex resembles proteasome [Parham, 

fiature, 348, 674-675 (1990)], indicating that LMP-s might 
be identical or related to proteasome components, using 
recombinant strains, the genes for two of the IMF's have been 
localized to a region of the mouse MHC between Pb and Ob, the 
20 equivalents of DP and DOB in the human (see Fig. i, . it' is 
possible that other LMP genes are also located in the MHC 
but, due to a lack of detectable polymorphism, have not been 
mapped with this method, it has been proposed that LMP's 
might be involved in antigen processing, degrading 
25 cytoplasmic proteins into antigenic peptides before their 
transport into the ER by the MHC- linked transporters. 
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consistent with this role is the increased expression of ^ 
Proteins in the presence of ga»a-i„terferon. a property 
shared with class I and II mhc antigens and the putative 
Peptide transporters. Expression of RIN610 is also induced 
5 by gajuta-interferon as shorn by Pig. la . 

Fig. IS shows Northern blots as follows: a. Lanes i T . 
"11 line (J6) , 2 , B . eell llne (MMN) Md 3; auMn Mn '^ 

cell line (0937) . b , HorMl ^ keratWytes ^ ^ ^ 
» recombinant huaan ga„a-interferon al"! for 2 . < 8 , M and 
!• «h before RNA extraction (a . „ total cellular was run 
Per (trace, . Tbe first lane ^ m ^ 

The CDNA clone shown in rig.3 was used as a probe 
Autoradiography was for « h using Kodak XAK-5 tilM. 
Standard protocols were used. 
■5 Xhe exact relationship between proteases. and m 

re» ai ns to be established. But the finding of such an 
-U-t. association between a prot.aso«e gene and the two 
transporter loci i» pl ie s a close relationship at the 
regulatory or functional level. 
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EXAMPLE 4 ; RTNK f 9 

MHC Class I molecules present endogenous peptide to CD8+ 
cytotoxic T lymphocytes. Peptides derived by degradation of 
antigenic proteins in the cytosol are thought to be 
5 transported into the endoplasmic reticulum (ER) where they 
participate in the assembly of Class I molecules. This 
Example relates to the identification and characterisation of 
a second gene with homology to proteasome components in the 
human MHC. This gene may share a close evolutionary ancestry 
10 with RING 10. 

Total B-lymphoblastoid cell mRNA was isolated by lysis in 
guanidinium isothiocyanate and purified by cetrifugation in 
caesium chloride and used to prepare a NBC cDNA library in 
the cDM8 vector. The library was plated and screened on 
15 HybondN+ (Amersham) as described by the manufacturers using 
fragments of genomic DNA from cosmid U15 r isolated in low 
melting point agarose, as probes (labelled probes were 
competed with human DNA prior to hybridisation) and the ring 
12 clone was isolated. The cDNA probe was then hybridised 
20 back to the cosmid to map the position of the RING12 gene. 
The complete genomic sequence of the region was also 
determined to facilitate this. The RING 12 gene lay, 5« to 
5* about 400bp from the RING4 gene. High stringency 
hybridization of the cDNA probe to human genomic DNA on 
25 Southern blots showed that RING12 was a single copy gene. 
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The expression pattern of ring 12 was determined by 
Northern blotting of RING 12 HRNA. The 900bp band observed 
(Fig. 19) corresponds to the RING 12 transcript and the higher 
MW band is from a previous hybridisation with the 2.5kb 
5 transporter cDNA, RING 11. colon carcinoma (tracks 1 and 2 
CC20, 3 and 4-SW620, 5 and 6-SW1222, 7 and 8-PAF, , and SV40 
transformed fibroblast cell i ine samples (tracks 9 and 10- 
SV80, 11 and 12MRC5SV) , Molt4 T cell (track 13) and Raji, b 
cell l ine (track 14), were loaded with 15Mg total RNA each in 
10 the even numbered lanes 2 to 12, cells were treated for 48hrs 
wxth 250 units/mi of irN-gamma. Ring 12 det ected a 900bp 
transcript in both B and T lymphocytes. Expression was 
strongly upregulated by IPN-gamma in epithelial (colon 
carcinoma) and fibroblast cells lines. Basal mRNA levels 
15 were barely detectable in the colon carcinoma lines. This 
was in contrast to two SV40 transformed lines where 
expression was apparent prior to iFN-gamma induction. 

The ring 12 cDNA insert was sequenced by the chain 
termination method using the random dideoxy nucleotide 
20 approach and sequences were assembled using the SAP program 
The 715 bp insert contained a single long open reading f rane 
encoding a 219 amino-acid product (Fig.5), with a predicted 
molecular weight of 23.2Kd and a pi of 4.64. when compared 
with the full genomic sequence, a single base p air difference 
25 was observed (G for A bpl94. Fig.5) which resulted in the 
substitution of a histidine for an arginine residue (aaeo) . 
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Several lines of evidence suggest that the protein shown is 
full length product. First, the cDNA clone is approximately 
the same size as products detected on Northern blots and 
second, although the initiating AUG codon is not preceded by 
5 a stop codon, 5' genomic sequence data shows no further AUG 
codons before reaching the adjacent gene, RING 4. Finally, 
although the predicted initiating Met codon conforms only 
poorly to the eukaryotic translational initiation sequence 
consensus, the N-terminal amino acid sequence matches limited 
10 peptide data available from related proteins. 

By searching protein databases (Swiss Prot 17 and PIR27) 
the RING 12 protein was found to be homologous to fragments 
of N-terminal amino-acid sequence from rat and human 
proteasome components (Fig.20) . In Fig. 20, identical 
15 residues a marked «-«, «x« denotes an unknown residue. 

Only partial amino acid sequence data is available for some 
rat chains (l to 7) and human proteasome subunits (chains A 
to E) . Proteasome components have molecular weights in the 
range of 20-35 kD for instance about 23 kD and pis of between 
20 4.5 and 7.5, consistent with the RING 12 amino acid sequence. 
With the limited sequence data available, RING 12 appears 
most similar to rat chain 7 (19 out of 21 amino acids) . 
These proteins also appear most similar in molecular weight. 
The mouse LMP2 protein, which was mapped to the H-2 region on 
25 the basis of its polymorphism, has a similar molecular weight 
and pi to RING 12. Comparison of RING12 with other complete 
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human sequences showed greatest identity to ring 10 (30%, and 
17-23% identity with other proteasome sequences (Table 3) i„ 
which amino acid identity amongst human proteasome genes is 
calculated as a percentage. Alignments were performed using 
5 the default parameters in the GAP programme (GCG) . 
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Table 3 



TABLE OF % AMINO ACID IDENTITY BETWEEN HUMAN PROTEASOME 
GBCS 





R12 


R10 


HC2 


HC3 


HC5 


HC8 


HC9 


R12 
















R10 


30 














HC2 


17.8 


19.4 












HC3 


20.4 


24.1 


31. 8 










HC5 


23.6 


21.6 


18.1 


21.1 








HC8 


19.5 


17.3 


26.8 


30.6 


15.7 






HC9 


17.5 


17 


29.5 


37.8 


23.3 


30.5 





WO 92/11289 



PCT/GB91/02278 



- 55 - 



Unlike RING 10, RING 12 showed no obvious homology to 
protease active site motifs in the PROMOT database. The 
proposed RING 12 sequence is at least 18 amino acids longer 
at the N-terminus than published peptide fragment sequences. 
5 It is remarkable that a second proteasome gene should lie 
so close to ring 10 and the ABC transporters genes, ring 4 
and RING 11. it is now well established that the MHC 
contains several clusters of genes with related immunological 
functions, but it is not apparent why they should be tightly 
10 linked, one possibility is that genes are clustered because 
of coordinated regulation. The promoters of the ring 12 and 
RING 4 genes, for example, are within a few hundred base 
Pairs of each other (the first exon of ring 12 maps less than 
400 bp upstream of the ring 4 gene) and may share an 
15 interferon response element. Alternatively, genes may be 
linked because of a selective advantage in maintaining 
certain combinations of polymorphic proteins together. This 
aay help to explain the occurrence of extended haplotypes and 
their complex association with disease. 
20 Duplication is a hallmark of the MHC which has examples in 
Class I and Class II genes, TNPA and B, HSP70-1 and C4A and 
C4B. ring 12 and RING io amino acid sequences are closer to 
each other than they are to other human proteasome sequences, 
suggesting that they arose by gene duplication. The 
25 duplication unit may have included an initial transporter 
gene associated with a proteasome component, which gave rise 
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to RING 4, and RING 11 at the same time as RING 10 and RING 
12. It is not a simple duplication, line DQA and B, because 
RING 12 and RING 4 are arranged head to head and RING 10 and 
RING 11, tail to head which implies a simple inversion of one 
5 or more of the genes though a more complex arrangement is 
also plausible. 

The discovery of a second proteasome-like gene in the 
Class II region of the HHC provides further evidence that 
proteasomes are involved in antigen processing, as outlined 
10 in Fig. 26. But, whereas classic proteasome components are 
expressed constitutively and constitute a major fraction of 
total cell protein, RING 10 and 12 are expressed at a very 
low level in some cells. It is proposed that the RING 10 and 
12 proteins are proteasome-related components specialised for 
15 antigen processing. Intuitively, it seems likely that 
antigen processing may use a combination of housekeeping 
proteolytic functions and specialised recruiting factors such 
as RING 10 and 12. Mutants can be used to investigate this. 
Fig. 26 illustrates the proposed involvement of RINGs 4, 
20 10, 11 and 12 in protein antigen processing and presentation. 
Proteasome components RING 10 and 12 are shown involved in 
the degradation of endogenous protein. Resulting antigenic 
peptides are subsequently transported from the cytosol into 
the endoplasmic reticulum via the RING 11 gene products. 
25 Mapping and sequencing of cosmid U15 showed that the RING 4 
(transporter) and RING 12 genes are on opposite DNA strands 
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and their 5* ends are less than 400 bp apart. 

This Example shows that the proteins encoded by ring 4 and n 
genes form a complex that may fulfil the role of peptide 
5 transporter. Loss or mutation of either protein results in a 
cell phenotype characterised by the formation of unstable 
Class 1 molecules, with loss of presentation of intracellular 
antigens to Class I restricted cytotoxic T cells. 

The following figures are referred to in this Example :- 

10 Fig. 21: This shows the detection of the RING4/H protein 
complex with the AK1.6 serum to the RING4 polypeptide. Fig. 
21 (a) shows immunoprecipitates prepared from the following 
cell lines : lane 1, the mutant .174; lane 2, the wild type 
cell 721; lane 3, BM36.1; lane 4, BM28.7; lanes 5 and 6, 
15 independent populations of BM36.1 cells transfected with a 
RINGiiA CDNA; lane 7, T2 cells; lane e, T2 cells transfected 
with a RINGIIA CDNA. The -71KD, -77KD and -83KD bands are 
marked. Fig. 21(b) shows immunoprecipitates from a series of 
cell lines genotyped for their RINGH alleles (shown in 
20 brackets). La ne i, lb L721 (AfB); lane 2> fiM ^ ? ^ 

3, C1R (A+/-, B, see text) ; Lane 4, priess (A,B); Lane 5, 
STEINLIN (A,B) ; Lane 6, HOM-2 (A,B) ; Lane 7, BAS1LIO (B,B) ; 
Lane 8, COX (A, A) ; Lane 9, P.H. (A,B) ; Lane 10 P.W. (B,B); 
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Methods: The antiserum to RING4 (AK1.6) was raised by a 
standard procedure. A Sandy half -lop rabbit was immunised 
with O.Smg of the peptide GCYWAMVQAPADAPE glutaraldehyde 
cross-linked to keyhole limpet haemocyanin (KLH) in complete 
5 Freund's adjuvant f and boosted at 20 day intervals. The 
AK1.6 serum was taken after the 5th injection of antigen. 
Immunoprecipitation from aliguots of 2xl0 7 cells was done as 
described by Townsend, A.R.M. et al. , Cell . 42 . 457-467 
(1985) . Townsend,A. et al. , Nature . 340 . 443-448 (1989) and 

10 Townsend, A. et al-. Cell , 62, 285-295 (1990). Cells were 
labelled for 2-3hrs with 200 /xCi 35 S methionine, lysed in 1m 
of lysis buffer, and the antiserum added to 1:40 dilution. 
Precipitates were eluted from antibody in reducing conditions 
and heated for 4 minutes at 95 °C before electrophoresis on 

15 10% SDS polyacrylamide gels. 

Origins of BM36-1 and BM28-7! The BM28.7 cell (HIA-A1) , 
B35/BW6, Cw4) is a hemizygous irradiation mutant of the wild 
type EBV transformed lymphoblastoid cell line BJAB-B95.8.6 
(Klein, G. et ajL, Int. J. Cancer, jjj, 639-652(1976) and 
20 Zeigler, A. et al. . I mmunobiol . . 169 . 455-460 (1985). BM36.2 
was derived from BM28.7 after fractionated irradiations (5Gy 
and 2Gy) and selection for BW6 loss with a monoclonal 
antibody (SFR8-B6, Radka, S.F. et al. , J. Immunol. 12 8. 2804- 
2806 (1982)) and complement followed by cloning (Spring, B. 
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Si UsaiffiSagllStiss, 21, 277-291(1985) and Zeigler, A. et 
ali, loe. cit . ) 

Transect i nn of BM36J , A sequenced RING 11A clone was 
subcloned as an Xhol fragment into the episomal expression 
5 plasmid pREP9 (invitrogen) , electroporated into BM36.1 cells 
and then transfected cells were selected in Neomycin. Two 
independent polyclonal drug resistant cultures were analysed 
in these experiments as all the cells in the transfected 
cultures were found to re-express HLA Al and B35 at the cell 
10 surface by indirect immunofluorescence. 



Pig. 22: This illustrates mutation in the RiNGll gene from 
BM36.1. Fig. 22( a) shows Southern analysis of mutant cell 
lines; Fi g . 22 (b, shows Northern analysis of mRNA from mutant 
cell lines; lane 1, BM28.7; lane 2, BM36.1; lane 3, T2. Fig 
15 22(c) shows sequence of the mutant RiNGll gene from BM36.1. 

Methods; 

Southern pn^ly^. 

Genomic DNA was prepared by salt chloroform extraction, dna 
was digested to completion with Hind in, electrophoresed 
20 through 0.7% agarose and transferred to Hybond-N membrane 
(Amersham) using standard protocols. A full length radio- 
labelled RiNGll cDNA was used as a probe. Autoradiography 
was carried out at -70 " C for 24hrs ^ ^ f ^ 
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Northern analysis; 

Total cellular UNA was prepared by acid phenol extraction, 
electrophoresed under denaturing conditions and transferred 
to Hybond-N using a standard protocol. Sequential 
5 hybridisations were performed overnight at 42 °C, then the 
membrane was washed at high stringency. Autoradiography was 
carried out at -70»C for 16 hrs. Radio-labelled RINGll, 
RING4 and GAP-DH were used as probes. GAP-DH is a 
universally expressed message that served as a positive 
10 control. 

PNA sequencing: Single strand cDNA was made from polyA 
purified BM36.1 RNA, using reverse transcriptase and an 
oligonucleotide primer specific to the non-coding 3 • region 
of RINGll. The manufacturer's (Boehringer) protocols were 
15 used. Two further RINGll specific oligonucleotides were then 
used to amplify the entire RINGll cDNA by polymerase chain 
reaction (PCR) . Portions of the PCR product were re- 
amplified using RINGll specific biotinylated oligonucleotides 
and solid phase DNA sequencing performed as previously 
20 described. The two base pair deletion at position 635, 
indicated in the figure, was confirmed by solid phase 
sequencing of BIB 6.1 genomic DNA. Single letter amino acid 
code is used. 
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£i£L22i This shows the effect of transfection with a RIngiia 
cDNA on the stability of Class I molecules expressed i„ 
BM36.1. The stability of class I molecules was assessed by 
immunoprecipitation with the conformation sensitive 
5 monoclonal antibody W6/32 (Barnstaple, C.J. ^ ^ , C&llj . ^ 
9-20(1978), and Parham f P. e£ a^. , ^ Ismasl . , m , 342 . 
349(1979, from detergent extracts of BM28.7 (lanes 1 - 3); 
two independent populations of BM36.1 transfected with a ' 
RING11A CDNA (lanes 4 - 6, and 7 - 9, ; or BM36.! (la nes 10 . 
1° 12) . The antibody was added either immediately after cell 
lysis (lanes 1, 4, 7, 10) ; after overnight incubation of the 
cell lysates at 4-c to allow dissociation of B-2m (lanes 2, 
5, 8, 11); or after addition of unlabeled human B-2m to tne 
lysates to 2m followed by overnight incubation at 4-c (lanes 

I 5 3, 6, 9, 12). 



Method?? 



I*muno P recipitations were done as described by Townsend,A. * 
Si. , minre, 3J0, 443-448 (1989), Townsend,A. e£ , £&ll> 
£1, 285-295 (1990, and Elliott, T.J. et al. , N^ure, ' 3^ 
20 402-406 (1991, with the following minor modifications: 

Briefly, 3 aliguots of -10? cells from each cell line were 
internally labelled with 35 s methionine , lysed ^ ^ ^ ^ 
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the insoluble material removed. Immediately after lysis 
purified W6/32 antibody was added to one aliquot 15/ig/ml 
(10- 7 M) f human B-2m (Sigma) to a second aliquot to 36/tg/ml (3 
x 10-%) , and to the third aliquot 25/il of phosphate buffered 
5 saline as a control. The lysates were incubated at 4»c 
overnight, and without any preclearing W6/32 antibody was 
added to the second and third aliquots to 15/xg/ml for 90 
mins. The immunoprecipitates were then collected with 
protein A sepharose beads, eluted, reduced and separated on 
10 12% SDS polyacrylamide gels. 

Fig. 24: This shows that Class I expression increases in 
BM36.1 transfected with a RING11A cDNA. Fig.24(a) shows HLA- 
Al expression, fig.24(b) shows HLA-B35 expression. The mean 
fluorescence values for the cell populations are shown in the 
15 figure. 

Method; Class I expression was measured by indirect 
immunofluorescence as described by Townsend,A.R.M. e£ al. , 
cell, 12, 457-467 (1985) . The first layer antibodies were in 
a) 142.2, specific for HLA-A1 (Smith,M.E.F. e± aj. , Proc. 
20 A ^ d t g<?it tTSft , 5557-5561 (1989)) purified at 

5/ig/ml) , and in b) 4D12 specific for members of the HLA-B5 
cross-reactive group (Haynes,B.P. et al. , Hum. Tmrnimm . , lf 
273-285 (1982) (as neat culture s/n) . The second layer 
antibody was fluorescein labelled, affinity purified, goat 
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anti mouse immunoglobulin (Sigma F0257) at 1:40 dilution. 

Pig.25: This shows the presentation of influenza antigens in 
BM36.1 transfected with a RING11A cDNA. An HLA-A1 restricted 
cytotoxic T lymphocyte (CTL) line was tested for recognition 
5 of the following influenza infected (squares, or uninfected 
(circles) cell lines: a) autologous EBV-transformed 
lymphoblastoid cell ii ne; b, BM36.1 transfected with a 
RING11A cDNA; c) BM36.1; and d) BM28.7. 

Method- 

10 Fresh peripheral blood lymphocytes obtained from donor NR 

(HLA-A1, A3, B8, B60, were stimulated in vitro with influenza 
AX31 as described by Gotch,F. ^ al. , Nature, ^ 88l _ 882 
(1987) . After 7 days the cells were restimulated with an 
HLA-A1 restricted peptide derived from the influenza A 

15 nucleoprotein (amino acids 89-101) and after a further 7 days 
the CTL were tested in 51 chromiuin release asgay ^ 
recognition of influenza AX31 infected target cells. 
Spontaneous ^cr release in the absence of CTL ranged between 
22%-35%. 



20 Expression of two »Uelie fnrmc « 



.transporte r comp ioy 
To investigate the expression of the proposed peptide 
transporter antiserum (AK1.6) was raised by a standard 
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procedure against a peptide representing the C-terminal 15 
amino acids of the RING4 protein sequence. The peptide was 
chosen partly for lack of similarity to the RING11 sequence. 
Immunoprecipitation from extracts of the normal EBV- 
5 transformed lymphoblastoid cell line LBL721 (Fig.21a, lane l) 
revealed two major bands that were absent in extracts from 
the mutant .174 (Fig. 21a, lane 2). As both HLA haplotypes of 
.174 cells are affected by large deletions which include both 
of the transporter genes, this result suggested that the two - 
10 proteins may be encoded by these two loci. The bands 

migrated with apparent molecular weights of -77KD (upper) and 
-71KD (lower), fig. 21a, lanes 1 and 2). 

The -77KD band from extracts of LBL721 resolved into two 
species, of slightly different size (-1.5KD), when separated 
15 on 10% polyacrylamide gels and exposed directly to X-ray film 
without amplification (Fig.21b, lane 1). The RING11 gene has 
recently been found to have two alleles, that should encode 
proteins that differ to length by 17 amino acids. These were 
referred to as "A" for the shorter and W B" for the longer 
20 form. This difference in length would be sufficient to give 
rise to the slight change in migration seen in the two upper 
bands isolated from LBL 721. A comparison of the proteins 
detected with the anti RING4 antiserum from a set of ten cell 
lines with known RING11 genotypes was made. 



WO 92/1 1289 



PCT/GB91/02278 



- 65 - 



Fig. 2 lb shows that all the cell lines tested gave rise to a 
lower band of -71 KD. However, each cell line had one of 
three patterns of the upper bank(s); "A" (lanes 2,8), «b» 
(lanes 7,10), or "A" + «B« (lanes 1, 4, 5, 6, 9). m nine 
5 cases the migration patterns of these bands matched the 
RINGli genotypes, as determined by sequencing of amplified 
genomic DNA. However, the highly mutated cell line C1R 
appeared to be homozygous B by sequence analysis, while the 
immunoprecipitates contained band B, as well as a weak- band A 
10 (lane 3) . 

The data from the nine cell lines suggested strongly that the 
upper band(s) detected in LBL721 by the antiserum to RING4 
were encoded by the two alleles of the RINGli gene, and were 
co-precipitated with the RING4 protein (lower band) . The 
15 identification of the lower band as the product of the RING4 
gene was confirmed by immunoprecipitations from the mutant 
.134, which lacks only expression of the RING4 mRNA. As 
expected, neither the upper -77KD (RINGli) nor the lower 
-71KD (RING4) proteins were precipitated from the mutant .134 
20 cells transfected with the RING4 gene. Cross-reaction of the 
anti RING4 serum with the RINGli protein was ruled out by 
lack of precipitation of either band from T2 cells (a 
derivative of .174, Salter, R.D. et ^1. , embo. 5, 943- 
049(1986) transfected with a RING11A gene (Fig.2la, lanes 7 
25 and 8). 



WO 92/11289 



PCT/GB91/02278 



- 66 - 

The RIKGll protein migrated in the SDS gels close to its 
predicted molecular weight of 75.5 KD. By contrast, RING4 
migrated at -71KD, which is ahead of its predicted molecular 
weight of 81KD (calculated from the first ATG codon in the 
5 cDNA sequence) . The reason for this is not clear, however 
similar aberrant migration in SDS gels of related proteins in 
the ABS family does occur. 

Finally, in some experiments, proteins in the 20KD - 30KD 
range co-precipitated with transporter proteins from extracts 
10 of 721, but not .174. such a band is visible in lane 2 of 
Fig. 21a. These proteins are in the size range expected for 
proteosome subunits; proteins in the size range of the 
transporters were co-precipitated with certain sera to 
proteosome components. 

15 A mutant cell lin e with defective RING11 nrotgip 

Further experiments with a pair of mutant lymphoblastoid cell 
lines, BM36.1 and BM28.7, confirmed the identity of the 
RINGU band and provided evidence for a function of the 
RING11 protein. These two cell lines were selected 
20 sequentially for loss of Class I expression from the 

heterozygous cell line BJAB-B95.8.6. BM28.7 is hemizygoui 
having deleted one HLA haplotype, but retains normal 
expression of Class I molecules encoded by the second 
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haplotype (HLA Al, B35/BW6, CW4). BK36.1 was derived from 
BM28.7 (see legend to Fig.21), and has a phenotype similar to 
KMA-S. The Class I molecules synthesised and assembled in 
BM36.1 are unstable in vitro (Fig.23), are expressed at low 
5 levels at the cell surface (Fig.24), and do not present 
intracellular influenza proteins to HLA Al restricted 
cytotoxic T cells (Fig. 25). 

Immunoprecipitation with the anti RING4 serum from extracts 
of BM36.1 revealed that the -77KD RING11 band was missing 
10 from this cell line, but was present in the precursor 

hemizygous cell line BM28.7 in the A form (Fig.21a, lanes 3 
and 4; Fig.21b, lane 2). However, a unique band of higher 
molecular weight (-83KD, marked in Fig.21a) was co- 
precipitated from extracts of BM36.1. Transfection of BM36.1 
15 with an A allele of RING11 restored the expected RING11A band 
in immunoprecipitates, with associated loss of the higher 
molecular weight protein (Fig2la, lanes 5 and 6). 

Analysis of genomic DNA by Southern analysis from BM36.1 and 
BM28.7 revealed no abnormalities in the RlNGll gene, and 
20 RING11A mRNA expression was indistinguishable in the two cell 
lines (Fig.22a,b). However, sequence analysis of the RING11 
cDNA from BM36.1 revealed a deletion of two base pairs at 
codon 635, which lies immediately 3« to the Walker B 
nucleotide binding motif in the RlNGllA sequence (Fig. 22c). 
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The consequent change in reading frame resulted in 
replacement of the C-terminal 50 amino acids of the RINGllA 
ATP binding domain with new sequence, and a 50 amino acid 
extension to the protein. This was consistent with the 
5 increase in molecular weight of -6KD seen in the unique 

protein co-precipitated from BM36.1 with the anti RING4 serum 
(Fig.2la f lane 3 and Fig. 22c). 

Reversal of the mutant phenotvne by transaction with PJ wri n 
The mutant HLA phenotype of BM36.1 was reversed by 
10 transfection with a RINGllA cDNA clone. The intracellular 
Class I molecules in BM36.1, like those of RMA-S, are loosely 
associated with B2 -microglobulin and lose the conformation 
detected by the antibody W6/32 when diluted in vitro (Fig. 23, 
lane 11) . They can be stabilised either by addition of the 
15 antibody immediately after cell lysis (Fig. 23, lane 10) , or 
by raising the concentration of B-2m in equilibrium with the 
heavy chains (Fig. 23, lane 12). By contrast the majority of 
Class I heavy chains released from the hemizygous cell BM28.7 
retained the conformation detected by the antibody W6/32 
20 after lysis in vjtro (Fig. 24, lanes 1 and 2) . Transfection 
of BM36.1 cells with RINGllA cDNA resulted in an increase in 
the proportion of stable Class I heavy chains detected with 
W6/32 (lanes 4 - 6 and 7 - 9) . 

Class I expression at the cell surface (Fig. 24) was also 
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restored to -50% the level on the hemizygous precursor 
BM28.7, (which is indistinguishable from non mutant EBV- 
transformed cell lines; data not shown). Finally, 

presentation of influenza antigens to an HLA-Al restricted 
5 cytotoxic T cell line was restored in BM36.1. transfected 

with the RlNGll gene (Fig. 25b), to levels comparable to the 

BM28.7 precursor Fig.25d), or the normal HLA matched 

lymphoblastoid cell line (Fig.. 25a) . 

Discussion 

10 These experiments show that the products of the RING4 and 11 
genes form a complex that can be detected by co-precipitation 
An Vitrp . Loss or malfunction of either RINGll (cell line 
BM36.1 and RMA-S) or R1NG4 (Cell line .134) results in the 
formation of unstable Class I molecules that do not present 
15 peptides derived from intracellular antigens to class I 
restricted CTL. These properties, and the structural 
similarities of the RING4 and 11 proteins to other proteins 
with transport functions, suggest that the RING4/11 complex 
controls the delivery of peptides to Class I molecules in 
20 vivo. Although the stoichiometry of the complex cannot be 
deduced from these results, they are consistent with the 
RING4 and 11 proteins forming a heterodimer. 

The deletion of two base pairs in the RINGll sequence in 
BM36.1 occurred immediately 3« to the Walker B nucleotide 
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binding motif. This nutation resulted in substitution and 
elongation of the C-terminal region of the ATP-binding domain 
with novel sequence. The mutant protein was still able to 
form a complex with RING4, which suggests that the mutated 
5 region is not involved in binding to the RING4 protein. The 
wild-type RXNG11A protein displaced the mutant form in 
transfected cells, presumably because the transfected gene 
was expressed at a high level and competed for binding to 
RING4. The mutant complex clearly lacked function, possibly 
10 through loss of ATP hydrolysing activity or interactions of 
the ATP binding domain with other, unknown, subunits. 

Two alleles of the RINGll gene have been described that 
differ in the length of their ATP-binding domains by 17 amino 
acids. Both these alleles of RING11 can form a complex with 

15 RING4, and these two forms of RING11 are co-expressed in 

heterozygotes. It is not yet known whether the polymorphism 
in RINGll has any functional significance. However 
transfection of BM36.1 with each allele in turn will reveal 
whether they have any selective effect on the peptides that 

20 are presented by Class I molecules at the cell surface. 
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Claims 



1. 



5 



Double stranded nucleic acid containing the coding 
sequence of at least one of RING4, RING10, RING 11 and RING12 
as set out in Pigs 2 to 5 or a part thereof. 

2. A protein having a sequence encoded by at least one 
Of RING4, RING10, RING11 and R1NG12 as set out in Figs 2 to 
5. 



3. A nucleic acid encoding a protein or peptide having a 
sequence the sane as or homologous to at least one of RING4, 
10 RING10, RiNGli and RING12 or which his capable of 

interrupting the association of RING4 and/or RiNGli subunits 
to form transporter peptides or which is capable of 
interrupting the association or RING10 and/or RING12 subunits 
with other components of the proteasome complex, or which is 
15 capable of preventing peptide transport by ri NG 4/ rihgii 

transporter proteins or capable of preventing proteolysis by 
the proteasome complex by competitive binding to any one of 
RING4 , RiNGli and RING12 subunits, or which bears an epitope 
detected by antibodies capable of specifically recognising 
20 one of the RING4, RING10, RiNGli and RING12 subunits, or a 
nucleic acid complementary thereto. 

4. A protein or peptide having a sequence the same as or 
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homologous to at least one of the RING4 , RING10, RING11 and 
RING12 expression products or which is capable of 
interrupting the association of RING4 and/or RING11 subunits 
to form transporter peptides, or which is capable of 
5 interrupting the association of RING10 and/or RING12 subunits 
with other components of the proteasome complex, or which is 
capable of preventing peptide transport by RING4/RING11 
transporter proteins or capable of preventing proteolysis by 
the proteasome complex by competitive binding to any one of 
10 RING4 , RINGll and RING12 subunits, or which bears an epitope 
detected by antibodies capable of specifically recognising 
one of the RING4 , RING10, RINGll and RING12 subunits. 

5. An antibody or fragment thereof capable of 
specifically recognising a protein according to claim 2 or a 

15 protein or peptide according to claim 4. 

6. Nucleic acid encoding an antibody or fragment thereof 
according to claim 5. 

7. A cell capable of secreting an antibody or fragment 
thereof according to claim 5. 

20 8. A cloning or expression vector, virus genome, virus, 
transfected cell or transgenic animal containing exogenous 
nucleic acid according to any one of claims 1, 3 and 6, 
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9. A nucleic acid, protein, peptide, antibody, antibody- 
secreting, cell, vector, virus genome, virus, transacted 
cell or transgenic animal according to any one of claims i to 
8 for use in a method of treatment of the human or animal 
5 body or in a method of diagnosis practised on the human or 
animal body, 

10. Use of a nucleic acid protein, peptide, antibody, 
antibody-secreting, cell, vector, virus genome, virus, 
transfected cell or transgenic animal according to any one of 
10 claims 1 to 8 in the production of a medicament for use in a 
method of treatment of the human or animal body or in a 
method of diagnosis practised on the human or animal body. 

11. A method of treating a diagnosis of a human or animal 
in need thereof comprising administering an effective, non- 
15 toxic amount of a nucleic acid, protein, peptide, antibody, 
antibody-secreting, cell, vector, virus genome, virus, 
transfected cell or transgenic animal according to any one of 
claims 1 to 8 to said human or animal. 

12. A diagnostic test or assay which comprises the use 
20 of, or the detection of a nucleic acid protein, peptide, 
antibody, antibody-secreting, cell, vector, virus genome, 
virus, transfected cell or transgenic animal according to any 
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one of claims l to 8, in a test sample in vitro . 

13. a compound or composition which diminishes or 
enhances antigen presentation in association with MHC class I 
molecules by which is capable of interrupting the association 
5 of RXN64 and/or RING11 subunits to form transporter peptides, 
or which is capable of interrupting the association of RING10 
and/or RXNG12 subunits with other components of the 
proteasome complex, or which is capable of preventing peptide 
transport by RING4/RING11 transporter proteins or capable of 
10 preventing proteolysis by the proteasome complex by 

competitive binding to any one of RING4, RIHGll and RING12 
subunits. 



14. An assay for identifying a compound or composition 
according to claim 13 comprising simultaneously or 
15 sequentially in either order: 

(i) contacting a cell capable of presenting antigenic 
peptides with a standard protein or peptide which is 
presented by the cell as a peptide: MHC class I 
complex, and 

20 (ii) contacting the cell with a compound or composition 

suspected to enhance or diminish antigen presentation 
and thereafter assaying the peptide: MHC class l complex 
presented by the cell. 
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Fig. 5. 



MLRAGAPTGDLP RAG 15 
CGG TGCCTTGCAGGGATGCTGCGGGCGGGAGCACCAACCGGGGACTTACCC CGGGCGGGA 60 

EVHTGTTIMAVEFDGGVVMG 35 
GAAGTCCACACCGGGACCACCATCATGGCAGTGGAGTTTGACGGGGGCGTTGTGATGGGT 120 

S D S RVS AGEAVVNRVFD KL S 55 

TCTGATTCCCGAGTGTCTGCAGGCGAGGCGGTGGTGAACCGAGTGTTTGACAAGCTGTCC 180 
R 

PLHEH I YCALSGSAADAQAV 75 

CCGCTGCACGAGCACATCTACTGTGCACTCTCTGGTTCAGCTGCTGATGCCCAAGCCGTG 240 
cgc 

ADMAAYQLEliHGIELEEPPL 95 
GCC GAC ATG GCCGCC TAC CAG CTGGAGC TCCATGGG ATAGAAC TGGAGGAAC C T CCAC T T 300 

VLAAANVVRNISYKYREDLS 115 
GTT TTGGCTGCTGCAAATGTGGTGAGAAATATCAGCTATAAATATCGAGAGGAC TTGTCT 360 

AHLMVA6HDQRE66QVY6TL 135 
GCACATCTCATGGTAGCTGGCTGGGACCAACGTGAAGGAGGTCAGGTATATGGAACCCTG 420 

GGMLTRQPFAIGGSGSTF I Y 155 
GGAGGAATGCTGACTCGACAGCCTTTTGCCATTGGTGGC TCCGGC AGC ACC TTT ATC TAT 480 

GYVDAAY KPGMSPEECRRF T 175 
GGTTATGTGGATGCAGCATATAAGCCAGGCATGTCTCCCGAGGAGTGCAGGCGCTTCACC 54 0 

TDAIALAMSRDGSSGGVIYL 195 
ACAGACGCTATTGCTC TGGCC ATGAGCCGGGATGGCTCAAGCGGGGGTGTC ATC TAC C TG 600 

VTIT AAGVDHRVILGNELPK 215 
GTCACTATTACAGCTGCCGGTGTGGACCATCGAGTCATCTTGGGCAATGAACTGCCAAAA 660 



TTCTATGATGAGTGAACCTTCCCCAGACTTCTCTTTCTTATTTTGT AATAAA CTC 
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Fig. 15. 
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Fig. 17. 
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